the role of oscillatory fields in brain function. In tACS, two electrodes are placed on the head and an alternating current is passed between them. The induces an oscillatory electrical field across the brain between the two electrodes. This is likely to induce neural synchronization at the frequency of tACS in the cortical areas underneath the electrodes, although relatively little is known of the electrophysiological effect of tACS on the brain (Zaghi et al., 2010) . Compared with other brain stimulation techniques, such as transcranial magnetic stimulation (TMS) or direct transcranial current stimulation (tDCS), tACS has a number of advantages. The effect of the field is short-lived, in that no effect of tACS is evident after the current is removed, whereas the effects of tDCS outlast stimulation by several minutes. The stimulation is also usually not perceptible to the participant, whereas tDCS may prickle the skin and TMS involves an audible click.
In a recent paper in The Journal of Neuroscience, Feurra and colleagues (2011) applied tACS at four different frequencies to the primary motor cortex of human volunteers. The effect of tACS on the motor cortex was determined by using single pulses of TMS over the hand area of left motor cortex to generate muscular responses measured in the participants' right hand [motor-evoked potentials (MEPs)]. The amplitude of the MEP is thought to relate to the excitability of the corticospinal pathway. MEP size is frequently taken as a measure of the preparedness of the motor system for action, for example when observing actions performed by another agent (Fadiga et al., 2005) . Feurra and colleagues (2011) used four frequencies of tACS: 20 Hz, and control frequencies of 5, 10, and 40 Hz (representing the theta, alpha, and gamma ranges, respectively). In addition, a control site of right parietal cortex was stimulated to check for spatial specificity of tACS stimulation. Feurra et al. (2011) found that tACS stimulation at all frequencies had an enhancing effect on MEPs (their Fig. 2 ), although pairwise tests among the conditions showed that only the target frequency of 20 Hz had a statistically significant enhancement compared with baseline and compared with the other stimulation conditions. These other stimulation conditions included the parietal stimulation site. In a further control experiment, no effects of stimulation frequency on MEP size were detected when MEPs were generated by applying TMS to the ulnar nerve of the right arm, showing that the effects were not due to a physical interaction between the tACS-induced current and the current generated by TMS. The results of Feurra and colleagues' (2011) experiment suggest that beta-frequency tACS can affect motor cortical excitability. These effects were spatially specific, since stimulating the contralateral parietal cortex did not affect MEP size, and frequency specific, since tACS at different frequencies did not change MEP size either.
The findings of this work are interesting because there is no a priori reason to believe that injecting a current at a similar frequency to one that is naturally present would have the same effect as the naturally occurring rhythm. At present, there is no known functional role for oscillations in the beta frequency, so it is not clear whether beta activity encodes a specific quality of motor activity or planning or is simply an epiphenomenon. If activity in the beta band were an epiphenomenon, we would not expect there to be any effect of adding power in this frequency. Conversely if activity in this range were functionally and causally related to motor behavior in itself, regardless of what population of neurons were participating in the rhythm, it would suggest that motor information is carried by neural synchronization; in this case, the substantial additional current added by the tACS would be likely to interfere with the ongoing processing in the cortex. In any case, it is likely that the exact frequency that best represents the beta band is specific to a person and cortical area. For example, in one study, hand and foot movements were associated with different beta frequencies over the corresponding areas of sensorimotor cortex, and within each area the peak frequency varied across individuals (Neuper and Pfurtscheller, 2001 ). Therefore using a single frequency for all participants in a study could mean that some people would be less likely to show an effect. It is notable that in the study of Feurra et al. (2011) , there were four subjects (of 15) who responded less well to 20 Hz than to other frequencies of tACS, although in these four subjects the beta stimulation gave the second-best effect. The individual variation in peak beta frequency was not measured in that study. Feurra et al. (2011) report an enhancement in MEP size, which is usually taken to represent a positive change in motor function. Yet a recent study that used 20 Hz tACS to left motor cortex showed a detrimental effect on motor behavior in the right upper limb: during tACS, people's movements became slower (Pogosyan et al., 2009) . How can we reconcile the results of Feurra et al. (2011) and of Pogosyan et al. (2009) ? We suggest that enhancing oscillatory activity through the use of tACS raises the excitability of the whole motor cortex (hence the raised MEP amplitudes); however, it does so nonselectively. Given that primary motor cortex is functionally organized into synergies (Holdefer and Miller, 2002) , coactivation of a number of synergy clusters is likely to have a deleterious effect on any one action. Put this way, synchronizing oscillatory activity of neurons in motor cortex could be both physiologically enhancing and functionally detrimental. This is consistent with previous work showing that movement disorders such as Parkinson's disease are characterized by synchronization in the beta band.
Modulating brain activity through noninvasive current stimulation is a new tool in cognitive neuroscience and has already produced interesting results. The recent work by Feurra et al. (2011) is an important step in understanding the physiological events that occur during tACS. However, the work also shows the causal role that beta-frequency oscillatory brain activity plays in motor behavior: if beta activity were an epiphenomenon, adding more activity would not change the state of the motor system. The work also raises a number of questions: How close does the stimulating frequency need to be to the participant's individual beta peak? What is the somatotopic specificity of the effect (would leg MEPs be less affected than hand MEPs)? Can the current distribution be shaped to stimulate a smaller area of the cortex, leading to a more somatotopically specific effect? Can altering the stimulation parameters generate both enhancing and impairing motor outcomes? tACS is a new tool in cognitive neuroscience and carefully controlled studies of this kind hold great promise for future studies of the neural control of behavior.
